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Published magnetotelluric apparent resistivity data 
indicate a heterogeneous nature of the lithosphere in 
the vicinity of the Palghat-Cauvery Shear Zone (PSCZ). 
Data from two locations, one in the vicinity of PCSZ 
and the other further south near Palani, are inverted 
to decipher this contrast. Results reveal the presence 
of a highly resistive crust underlain by a thick conduc
ting layer and a relatively uniform average sub-crustal 
structure near Palani that seems to extend up to PCSZ. 
The sub-crustal structure in the vicinity of PCSZ is 
highly heterogeneous at a depth greater than 60 km and 
possibly represents the presence of a dipping fault at 
this depth. The sub-crustal structure north of PCSZ is 
drastically different and has high conductivity. A 
qualitative analysis of TE and TM mode data along 
Kolattur-Palani profile indicates that the conducting 
lithosphere laterally extends up to 60 km north of PCSZ 
and correlates well with the Bouguer gravity high ano
maly which was earlier explained in terms of mid-cru
stal high-density body. 

THE southern Indian shield is comprised of various crustal 
blocks of Archaean to early-Proterozoic age separated by 
shear zones (Figure 1 a), The shield exhibits significant 
diversity in lithology, structural pattern, tectonics and meta
morphism, The oldest part of the shield, the Archaean 
Dharwar craton (DC), is bound in the south and east by 
mobile belts, and is further sub-divided into eastern (EDC) 
and western (WDC) blocks l

, WDC is considered as the 
oldest nucleus, Southern Granulite Terrain (SGT) is 
broadly divisible into two segments, one lying north of 
Palghat-Cauvery Shear Zone (PCSZ) (Northern Block, 
NB) and the other south of it (Southern Block, SB), NB is 
made up of late Archaean--early Proterozoic granulites con
sisting mainly of charnockites and retrograde gneisses, 
while SB has a more prominent overprinting by events of 
Pan-African age2

, Variation in the grade of metamorphism 
from the north to south across the shield suggests differ
ential exhumation of these blocks with granulites of SGT 
representing the deepest part of the continental crust To
gether these blocks represent a complex tectonic frame
work and evolutionary history ofthe region, 

Recently, an integrated geophysical and geological study 
was carried out along a geotransect in the southern Indian 
shield to gain insight into the structure and evolution of 
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SGT and its interaction with DC3
. Geophysical studies 

included deep crustal seismics, magnetotellurics (MT), 
deep resistivity sounding, gravity and magnetics, heat 
flow-heat generation measurements, aeromagnetics and 
palaeomagnetics. The geotransect starts from Kuppam in 
EDC, traverses across NB of SGT, and ends at Palani in 
SB of SGT (Figure 1 a). The study revealed a broadly four
layered crustal structure, including a 7-15 km thick mid
crustal low velocity, electrically conducting, and low 
density layer all along the profile. Reddy et al. 4 attributed 
the low-velocity layer to granite intrusions, metasomatic 
activity, presence of fluids, or 750 Ma alkaline activities 
related to intraplate rifts. Besides, MT study revealed the 
presence of vertical conducting structures at the locations 
of major shear zones5 and gravity analysis brought out 
depth extent of granite bodies exposed at the surface6

. 

These studies were, however, confined to mapping of 
crustal structure beneath the geotransect for correlation 
with surface geology and tectonic features. Some of these 
datasets, for example, MT data, can provide useful infor
mation about the sub-crustal lithospheric structure, which 
in tum can help in constraining models of tectonic evolution. 
Since MT data5 were acquired over a wide frequency band 
of 1000-0.0002 Hz and the fact that the upper crust is 
highly resistive (>10000 £lm), these data have good penetra
tion depth suitable for mapping the sub-crustal structure. 

In the present work, we use published MT data5 of loca
tions v 16 near PCSZ and v20 near Palani, to decipher the 
contrast in the sub-crustal structure across PCSZ. Location 
v20 shows almost similar apparent resistivities Pxy and Pyx, 
indicating a relatively uniform average structure. In con
trast, Pxy and Pyx for vl6 are significantly different, espe
cially at periods >40 s. We invert these data using SVD
based ID inversion algorithm to delineate the sub-crustal 
structure to decipher the contrast in the lithospheric structure 
across PCSZ. We invert Pxy and Pyx individually instead 
of rotationally invariant apparent resistivity which provides 
an average ID structure7

• These results are then analysed 
along with resistivity pseudo-sections of TE and TM modes 
along the Kolattur-Palani (KP) profile. 

Harinarayana et al. 5 presented roadband MT data along 
N-S trending Kuppam-Bommidi (KB), Omalur-Kodaikanal 
(OK), and Kolattur-Palani (KP) profiles. OK and KP are 
parallel to each other and traverse across PCSZ, while KB is 
located further north and traverses across the Moyer
Bhavani Shear Zone (MBSZ). Some of the stations along 
the KP profile, from which we selected locations v20 and 
v16, are shown in Figure 1 b. This profile traverses across 
the Bouguer gravity high anomaly, which has been inter
preted in terms of mid-crustal high density iron ore/ 
anorthosite bodl,8. Harinarayana et al5 applied static 
shift correction and Groom-Bailey (GB) decomposition 
to acquired data sets and obtained average strike directions 
of N40E, N85E and S63E for KB, OK and KP profiles re
spectively, for structures in the period range of 100-1000 s. 
Two-dimensional inversion of these datasets by rapid 

497 



RESEARCH COMMUNICA nONS 

12 

Phanerozoic cover ~ Proterozoic shear zones with 
Archaean supracrustals boundaries 
Archaean gneiss/granulites ..... ..... Northern limits of granulites 

. ~ Re~JOnal movements in 
Migmatites and granitoid plutons. .lil. Naoproterozoic 1 0 
Closepet Granite -- CSS prolile with shot points 

Figure 1. a, Map showing broad tectonic framework of the southern Indian shield along with the location of the geotransect (modified after 
Reddy et aI4

). b, MT stations (solid triangles) along KP profile superimposed on the Bouguer gravity contours6 for the shaded area shown in (a). 
Also marked are major shear zones and band of Archaean supracrustals near Moyer-Bhavani Shear Zone. 

relaxation inverse method revealed significant lateral and 
vertical variations in the subsurface electrical conducti
vity structure beneath all the three profiles. 

In the above study Harinarayana et al. 5 obtained electri
cal conductivity structure of the region up to a depth of 
50 km. However, availability of apparent resistivity data 
at large periods and highly resistive shallow crust facilitate 
the use of these datasets in deciphering the sub-crustal 
lithospheric structure. We have digitized published GB 
decomposed and static shift-corrected apparent resistivity 
data Pxy and Pyx of locations v20 and vl6 for this purpose. 
Digitized apparent resistivity values Pxy and Pyx are shown 
in Figure 2 by open and filled triangles respectively. Split 
in these apparent resistivity curves indicates that the average 
subsurface structure beneath v20 should be relatively uni
form compared to the structure beneath v16, which shows 
strong 2D (3D?) effect at periods greater than 40 s. The 
difference between Pxy and Pyx at vl6 is significantly large 
(Figure 2b), even if we take into consideration the possi
bility of large errors in long-period MT data. A comparison 
of Pyx of v20 (solid triangles in Figure 2 a) with Pyx of vl6 
(solid triangles in Figure 2b) does not show significant 
difference between these apparent resistivities except in 
the high frequency range, suggesting a similar type of sub
crustal structure if only these components are interpreted. 
In view of the fact that the E-W trending PCSZ is present 
in the vicinity of v16, the difference between Pxy and Pyx 
at vl6 and similarity of Pyx at vl6 and v20 imply a sub
stantial decrease in the resistivity of the sub-crustal litho
spheric structure across the PCSZ. 

We performed ID inversion of Pxy and Pyx components 
individually, assuming these to be responses of layered 
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Figure 2. Observed (symbols) and computed (lines) apparent resisti
vity values for locations (a) v20, and (b) v16. 

earth structure, using singular value decomposition-based 
I D inversion code9

. This code was developed to perform 
joint inversion of reflection and refraction seismic, MT 
and DC resistivity data and can be used to invert any in
dividual dataset. Inversion was performed initially for a 
nine-layer model shown in Figure 3 (dashed lines). Thin 
dashed line in Figure 3 represents initial model for Pxy and 
thick dashed line corresponds to the initial model for Pyx' 
Initially, a large damping parameter was used to stabilize 
the solution. This parameter was decreased by a factor of five 
in successive iterations till the convergence was achieved in 
terms of minimized root mean square error of misfit in 
data as well as in the model. Corresponding final models 
after inversion are shown by solid lines. 
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Figure 3 a shows models for location v20. Here a thin, 
relatively conducting near-surface layer is obtained, which 
is underlain by a highly resistive (> 20000 Qm) layer of 
20-25 km thickness. The conductivity structures below 
this layer are somewhat different. Pxy reveals the presence 
of another resistive layer in the depth range of 22--45 km, 
which seems to be missing in the Pyx model that shows a thin 
layer of only about 3 km thickness. Both these models 
reveal the presence of thin conductive layers that are not 
resolvable. The nature of deeper structures (> 85 km) is 
similar for both the models, except that the lithospheric 
resistive layer is 175 km deep for Pyx and 220 km deep for 
Pxy' Subsurface conductivity structures corresponding to 
Pxy and Pyx of location v16 are significantly different 
(Figure 3 b). Here, once again we get a thin conducting 
near-surface layer which is underlain by a 13-15 km thick 
highly resistive layer. The structures are remarkably dif
ferent below 60-80 km depth, below which Pyx gives a 
thick resistive layer extending to a depth of more than 
300 km, whereas Pxy gives a conducting layer. For this 
case also we get thin conducting layers. 

Since thin layers are not well resolved, we reduced the 
number of layers to obtain an optimum structure that satis
fies observed apparent resistivity data. This was done by 
removing thin crustal layers from the final models obtai
ned above and re-inverting the data by taking these models 
as initial guess models. After some test computations, it 
was found that a six-layer model was sufficient to fit data 
of v20, whereas 7 and 8 layers were required to fit Pxy and 
Pyx data respectively, of location v16. Figure 4a shows 
results corresponding to location v20. At this location the 
nature of subsurface structures corresponding to Pxy and 
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Figure 3. Inverted models corresponding to nine-layer structure (a) 
v20 and (b) v16. 
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Pyx is similar, except for near-surface layers. Shallow, near
surface structure is in agreement with that obtained by 
deep resistivity sounding studies 10 in the vicinity of this 
location. This is expected as the static shift correction was 
applied to MT data using the near-surface resistivity stru
cture delineated by deep resistivity sounding. The layers 
corresponding to Pxy (thin line) are, however, shifted to a 
deeper level and are slightly thicker than those for the case 
of Pyx (thick line). A representative ID structure can be 
considered as an average of these two structures, which 
brings out the presence of a 32-34 km thick conductive 
layer buried beneath a resistive layer of similar thickness. 
Other approaches of using rotationally invariant parameters 
to obtain representative ID structure for a 2D body also lead 
to some kind of average structure7

• The conducting layer 
is further underlain by a highly resistive (>20000 Qm) 
layer of more than 125 km thickness. 

The results for v16 are significantly different (Figure 4b) at 
sub-crustal depths. Here, both Pxy and Pyx indicate the 
presence of a resistive upper crustal layer (> 10000 Qm) 
of 15-17 km thickness followed by another resistive layer 
of 2500-4000 Qm up to a depth of 26-32 km. The struc
tures remain more or less similar up to a depth of 60 km, 
below which these are drastically different. Pyx (thick line) 
gives a resistive (~2000 Qm) layer up to a depth of 80 km 
and a highly resistive (> 10000 Qm) layer in the depth range 
of 8G-310 km, whereas Pxy (thin line) indicates the presence 
of conductive layers and the resistivity decreases to less 
than 200 Qm at a depth of 115 km. These results imply 
that the subsurface structure below a depth of 60 km at 
v16 is highly heterogeneous and at least 2D in nature. 
Computed apparent resistivities corresponding to inverted 
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Figure 4. Results of inversion after reducing the number of layers (a) 
v20 and (b) v16. 
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Figure 5. Resolution matrices for final results shown in Figure 4: (a) 
vI6-pxy, (b) vI6-pyx, (e) v20-pxy, and (d) v20-pyx. 

models are shown in Figure 2 by solid lines. Figure 5 shows 
resolution matrices corresponding to final models shown 
in Figure 4. Large circles represent good resolution. The 
results indicate that broad features of inverted structures, 
especially thicknesses, are well resolved. 

A correlation of the results of v16 with those of v20, 
especially for Pyx (thick lines; Figure 4), reveals that the 
subsurface structures at both the sites are broadly similar 
up to a depth of 60 km. However, the top 30 km thick, highly 
resistive layer of v20 is split into 17 km thick highly re
sistive and 10 km thick moderately resistive layers. The 
second layer can be correlated with the mid-crustal high 
density iron ore/anorthosite body inferred from gravity 
data6

,8. Both the locations show the presence of conducting 
layers in the depth range of 30-60 km. Deeper structures 
at these two sites are different, although Pyx components 
indicate resistive nature of rocks. A remarkable difference 
in Pxy and Pyx of v16, similarity in Pxy and Pyx of v20, and 
some similarity between Pyx of v16 and v20 can be used 
to infer that the sub-crustal structures at these locations are 
similar in the yx direction, but are different in the xy direction. 
Converting these xy and yx components into geographical 
notations implies that there is a strong resistivity contrast 
in the N-S direction and the subsurface structure below 
the depth of 60 km is at least 2D. More information about 
the nature of the sub-crustal structure can be obtained by 
analysing other parameters, such as the tipper. This corre
lates well with the tectonic framework of the region, because 
E-W striking PCSZ is in the vicinity of the site v16. 

500 

Therefore, the resistivity contrast below a depth of 60 km 
indicates the presence of a conducting deep structure 
north of PCSZ, as against a highly resistive subsurface 
structure south ofPCSZ . 

An important observation of inversion result is that the 
upper structure « 60 km) is broadly similar at these two 
sites and the difference starts only at deeper levels. This 
can possibly be explained in terms of the presence of a 
south-dipping fault between NB and SB, surface exposure 
of which might be correlated with the PCSZ. Similarity 
of crustal structures at v16 and v20 is indicative of a 
southward dip of the fault, although more datapoints are 
required to ascertain the nature of the dipping structure . 
Vozoffll explained the effect of a vertical contact bet
ween two blocks of different resistivities on the electric 
field parallel and perpendicular to its strike and, hence, on 
respective apparent resistivities. He showed that the apparent 
resistivity parallel to the strike of the contact remains 
smooth, whereas across the contact it varies drastically 
and the tipper was a good indicator to locate the contact. 

Deep lithospheric structure obtained by inversion of Pyx 
of v16 shows that the resistive layer is thick, reaching up 
to a depth of more than 300 km. Since the structure is 
highly heterogeneous at low frequencies, a simple ID in
terpretation of apparent resistivity data in this frequency 
range is likely to be error-prone and should not be used to 
derive any conclusion about the thickness of the litho
sphere. This can be understood by a simple model of a 
vertical contact between two blocks having resistivities 
PI, piPI < P2) respectively. In this case, apparent resis
tivity parallel to the strike of the contact remains between 
PI and P2, whereas apparent resistivity perpendicular to 
the strike can become less than PI or greater than P2 depend
ing on the position of the measurement site with respect 
to the contact I I. 

Presence of conducting layer in the depth range of 30-
60 km at both the sites is interesting because if this layer 
is treated as a part of the continental crust, then the thick
ness of the crust becomes at least 60 km, which is signifi
cantly more than that obtained by deep crustal seismic 
studies4 or by receiver function analysis l2

. Both these studies 
suggest a crustal thickness of less than 45 km, although 
receiver function analysis reveals a crustal thickness of 
up to 60 km in the Nilgiri Hills region, northwest of these 
MT sites. Treating this layer as a part of the sub-crustal 
structure makes the continental crust thinner than the above 
estimates. 

In order to see if the resistivity contrast seen at depths 
> 60 km at site v16 has its signature further north, across 
PCSZ, we qualitatively analyse TE and TM mode appar
ent-resistivity data along the KP profile5

. Since the strike 
of deep structures5 in the period range of 100-1000 s is 
S63E, we can qualitatively infer gross behaviour of xy and 
yx components of apparent resistivities from these datasets. 
From the apparent resistivity data of TE and TM modes 
(Figure 6), it appears that the subsurface structure between 
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Figure 6. Distribution of apparent resistivities with period for TE and TM mode along KP profiles. 

PCSZ (at v16) and up to 60 km north of it (marked vlO) 
is conducting with respect to the subsurface structures 
south of v16 and north of vlO. It also coincides with the 
Bouguer gravity high anomaly (Figure 1 b) which was in
terpreted as mid-crustal iron ore/anorthosite body. Apparent 
resistivity values, however, indicate that the conducting 
zone extends over the entire frequency band, implying that 
whole of the lithosphere is conducting. Therefore, Bouguer 
anomaly should have some deeper source also. It is inter
esting that a zone of high apparent resistivity, similar to 
that south of v16, exists north of vlO. Surface expression 
of MBSZ is further north (Figure 1 b). Therefore, the NB 
of SGT bound between PCSZ and MBSZ can be sub-divi
ded into two zones; southern conducting zone in the vicinity 
of PCSZ and northern resistive zone in the vicinity of 
MBSZ. Reddy et al. 4 marked the presence of Archaean 
supracrustals in their simplified geological map, which 
coincides with the northern resistive zone. 

One-dimensional inversion of MT data of two sites in 
SGT brings out significant information on the nature of 
variation in the lithospheric structure of SGT around the 
PCSZ. Major inferences drawn from the analysis are: 

• The continental crust is highly resistive, which is un
derlain by a thick conducting layer of about 30 km 
thickness. 

• The subsurface structure in the vicinity of the PCSZ is 
highly heterogeneous and at least 2D in nature at the 
depth greater than 60 km, which possibly represents the 
presence of a southward-dipping fault. 

• The lithospheric structure north of PCSZ is highly 
conducting and is significantly different from the 
structure south of PCSZ. 

• NB of SGT bounded between MBSZ and PCSZ con
tains two zones - one highly conducting in the vicin
ity of PCSZ and the other highly resistive near MBSZ. 

The above lD interpretation brings out some broad features 
of the subsurface electrical conductivity structure, assum
ing that the observed apparent resistivities do not contain 
errors. In most of the cases, however, large-period MT 
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data do contain large errors that should be considered in 
the interpretation. In the absence of data error information, 
uncertainty in the deep lithospheric structure could not be 
estimated. 
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